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(54) Copper-clad board, method of making hole in said copper-clad board and printing wiring 
board comprising said copper-clad board 
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(57) A copper-clad board su itable for making a hole 
with a carbon dioxide gas laser, which copper-clad 
board is obtained by disposing a double-side-treated 
copper foil provided with a metallic-treatment layer hav- 
ing a high absorption rate of a carbon dioxide gas laser 
energy on at least one surface, at least on an outer layer 
of athennosetting resin composition layer such that the 
metallic-treatment layer is formed on a shiny surface of 
the copper foil which shiny surface is to be a surface 
layer, and laminate-fonning the double-side-treated 
copper foil and the thermosetting resin composition lay- 
er under heat and pressure, to make an alloy of the me- 
tallic-treatment layer and the copper by the above heat- 
ing, a method of making hole in the above copper-clad 
board and a printed wiring board comprising the above 
copper-clad board. 



Fig. 1 
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Description 

[0001] The present invention relates to a copper-clad board suitable for mailing a hole with a carbon dioxide gas 
laser, which copper-ciad board Is obtained by disposing a double-side-treated copper foil provided with a metaliic- 

5 treatment layer having a high absorption rate of a carbon dioxide gas laser energy on at least one surface thereof, on 
at least an outer layer of a themnosetting resin composition layer such that the metallic-treatment layer is fonned on a 
shiny surface of the copper foil which shiny surface is to be used as a surface layer, and laminate-forming the double- 
side-treated copper foil and the themnosetting resin composition layer under heat and pressure, a method of making 
a hole in said copper-clad board with a carbon dioxide gas laser, and a printed wiring board prepared from said copper- 

io clad board. More specifically, the above metallic-treatment layer is a layer which can fomi an alloy with copper by the 
heating and the pressurization at the time of preparing the copper-clad board. The above copper alloy layer has prop- 
erties that a penetration hole and/or a blind via hole having a small diameter can be made for absorbing a carbon 
dioxide gas laser when a copper foil surface is directly irradiated with a carbon dioxide gas laser. A high-density printed 
wiring board prepared by providing the above copper-clad board and mal<ing a hole having a small diameter In the 

IS copper-clad board with a carbon dioxide gas laser is suitably used for a small-sized and light weight semiconductor 
plastic package, a motherboard and the like. 

Prior Arts of the Invention 

20 [0002] Conventionally, a copper-clad board having a surface copper foil provided with a metallic surface-treatment 
which is capable of making a penetration hole and/or a blind via hole having a fine fomri by direct in^adlation with a 
carbon dioxide gas laser, is not used for a high-density printed wiring board used for a semiconductor plastic package 
or the like. Further, attempts to make a hole by directly irradiating a copper foil surface with a carbon dioxide gas laser 
have been made. However, no hole is made with an energy of about 40 mJ since its beam is reflected. In this regard, 

25 there have been made attempts to use a double-side roughened copper foil having surface roughness of 3 to 5 mm. 
However, it is difficult to form a fine pattern, and no high-density printed wiring board can be produced. 
[0003] Conventionally, drilling with a mechanical drill makes the penetration hole. In recent years, the diameter of 
the penetration hole becomes increasingly small, and designing Is made such that the diameter of a hole is 0.15 mm 
or less. However, when a hole having such a small diameter is made, the problem is that the drill bents or breaks during 

30 the formation of a hole or that the processing speed is low, due to the small diameter of the drill, which results in 
problems in productivity and workability. 

[0004] The blind via hole is made by etching and removing a copper foil in a position where a hole is to be made 
and then irradiating the position with a low-energy carbon dioxide gas laser. The above process includes steps of 
laminate-bonding of an etching film, exposure, development, etching, and peeling of the film. Therefore, much time is 

35 required so that a problem occurs In workability. Further, there Is also proposed a method wherein a copper foil surface 
is oxidized to form a black copper oxide layer and the resultant surface is irradiated with a carbon dioxide gas laser, 
to make a blind via hole. In this case, the black copper oxide layer of the copper foil surface is easily peeled off by 
friction or the like and the problem is that no hole is made when the portion where the black copper oxide layer Is 
peeled off is irradiated with the laser. Consequently, the above method is apt to bring about defective items. 

40 [0005] There Is also proposed a method In which holes having the same size are made in copper foils on front and 
reverse surfaces through negative films according to a predetermined method, further, a copper foil having similar 
holes made by etching is disposed as an Intemal layer copper foil and a hole reaching the front and reverse surfaces 
is made with a carbon dioxide gas laser. In this case, the problems are that the deviation of the position of the internal 
copper foil occurs and that spaces occur between lands on the upper and lower surfaces and the hole so that a failure 

^5 in connection occurs and it is Impossible to form lands on the front and reverse surfaces. 

[0006] Further, in a printed wiring board which Is Increasingly highly-densffied in recent years, the problems are heat- 
resistance, anti-migration properties, electric insulation after moisture absorption and the like. 

Summary of the Invention 

50 

[0007] It is an object of the present invention to provide a copper-clad board suitable for making a hole with a carbon 
dioxide gas laser, in which a penetration hole and/or a blind via hole can be made by directly irradiating a surface 

coppsr fo!! of tho coppsr-c!sd bosrd with a csrbon dIoj:!c^o g£3 l£3cr, a method o? mdcing s hole In Lho above ccppsr- 
clad beard end a high-density printed wiring board containing the above copper-clad board. 
53 [3008] It is another abject of the present invention to provide a copper-clad board excellent in workability for making 
a hole and free from the occurrence of uefeclive itenrrs with regard to a hole owing to the formation of a metallic- 
treatment layer which has a high absorption rate of a carbon dioxide gas laser energy and which causes no peelings 
by friction on a surface copper foil of the copper-clad board, a method of making a hole in the above copper-clad board 
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and a high-density printed wiring board containing the above copper-ciad board. 

[0009] it Is further another object of the present Invention to provide a high-density printed wiring board free from 
the occurrence of a short circuit and a-brealcage In a fine pattern by providing a copper-clad board which is free from 
a flaw, a dent and an attached resin on its surface copper foil. 
5 [0010] it is stiii further another object of the present invention to provide a high-density printed wiring board excellent 
in heat-resistance, anti-migration properties and electric insulation after moisture absorption, a copper-clad board which 
is capabie of providing the above high-density printed wiring board, and a method of maldng a hole in the above copper- 
ciad board. 

[0011] It is yet another object of the present Invention to provide a method of making a hole, which method is suitable 
10 for making a hole having a small diameter In a copper-clad board and is used for preparing a printed wiring board 
excellent in the reliability of the hole having a small diameter with regard to connection. 

[0012] According to the present invention, there is provided a copper-clad board suitable for making a hole with a 
cartoon dioxide gas laser, which copper-clad board is obtained by disposing a double-side-treated copper foil provided 
with a metallic-treatment layer having a high absorption rate of a carbon dioxide gas laser energy on at least one 
15 surface, on at least an outer layer of a thermosetting resin composition layer such that the metallic-treatment layer is 
fonned on a shiny surface of the copper foil which shiny surface is to be used as a surface layer, and laminate-fomning 
the double-side-treated copper foil and ihe thermosetting resin composition layer under heat and pressure, to make 
an alloy of the metallic-treatment layer and the copper by the above heating. 

[0013] According to the present invention, there Is provided a copper-clad board suitable for making a-hoie with a 
20 carbon dioxide gas laser according to the above, wherein the metallic-treatment layer is a layer which contains nickel 
or nickel and cobalt as essential components. 

[0014] According to the present invention, there is provided a copper-ciad board suitable for making a hole with a 
carison dioxide gas laser according to the above, wherein the themnosetting resin composition is a resin composition 
containing a polyfunction ai cyanate ester monomer and/or a prepoiymer of said cyanate ester as essential components. 

25 [0015] According to the present invention, there is provided a copper-clad board suitable for making a hole with a 
carbon dioxide gas laser according to the above, wherein the double-side-treated copper foil is a product formed by 
attaching a B-staged resin layer to a surface opposite to the surface having the metallic-treatment layer. 
[0016] According to the present invention, there is provided a copper-ciad board suitable for making a hole with a 
cari3on dioxide gas laser according to the above, wherein the double-side-treated copper foil Is a product fomied by 

30 attaching a resin sheet to a surface opposite to the surface having the metallic-treatment layer. 

[0017] According to the present invention, there is provided a copper-clad board suitable for making a hole with a 
carison dioxide gas laser according to the above, which copper-ciad board is a copper-ciad board obtained by disposing 
a protective sheet to one surface of the double-side-treated copper foil, at least partially bonding the protective sheet 
to the double-side-treated copper-foil and disposing a B-staged-resin-layer-attached resin sheet on the other surface 

35 of the double-side-treated copper foil. 

[0018] According to the present invention, there is provided a copper-ciad board suitable for making a hole with a 
carbon dioxide gas laser according to the above, which copper-ciad board is a copper-clad board obtained by the use 
of metal-foit-can^ier-attached copper foil(s) in which metal foil(s) is/are disposed to one surface or both the surfaces of 
the double-side-treated copper foil and the metal foil(s) is/are at least partially bonded to the double-side-treated copper 

40 foil. 

[0019] According to the present invention, there is provided a method of making a hole in a copper-ciad board, in 
which the metallic-treatment layer surface of the above copper-clad board is directly irradiated with an energy sufficient 
for processing a copper foil by means of the pulse oscillation of a carbon dioxide gas laser, to make a penetration hole 
and/or a blind via hole. 

45 [0020] According to the present invention, there is also provided a printed wiring board obtained by making a pen- 
etration hole and/or a blind via hole in the above copper-clad board. 

Brief Description of Drawings 

so [0021] Fig. 1 is an illustration of Example 7, in which B-staged resin sheet(s) having a doubte-side-treated copper 
foil attached is attached to one surface (1) or both the surfaces (2) of a protective metal foil. 
[0022] Fig.2 Is an Illustration of Example 7, in which a plurality of internal boards are disposed between B-staged 

rcGin shcsts hsving s protcctIvc-mct£:-fo:I~urL2chcd treated copper foil Etiachcd. 

;QQ23] Fig.3 shows steps of (1 ) disposing a backup sheet on tho lower surface of e laminats-formsd copper-ciad 
mulii-laycrcd board, (2) making a penetration hole and a blind via hole with a carbon dioxide gas laser, (3) removing 
burrs and etching surface copper foils by SUEP, and (4) carrying out a copper plating in Example 8. 
[0024] Fig.4 Is an illustration showing a constitution of laminate-formation of copper-clad boards in Example 9. 
[0025] Fig.5 shows steps of (2) making a penetration hole for a through hole in a lamlnate-fonned copper-clad board 
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with a carbon dioxide gas laser, (3) removing burrs and etching surface copper foils by SUEP, and (4) carrying out a 
copper plating in Example 9. 

[0026] Fig. 6 shows steps of maicing a hole in a doubie-side copper-clad multi-layered board with a carbon dioxide 
gas laser and canying out a copper plating in Comparative Example 4. 

5 

Detailed Description of the invention 

[0027] In the present invention, symbols In Flg.1 to Ftg.3 attached to the present specification have the following 

meanings. 

10 [0028] A: a sheet In which part of a copper foil of a B-staged resin sheet having a double-side-treated copper foil 
attached is attached to one surface of a protective metal foil, B: a sheet in which parts of copper foils of B-staged resin 
sheets having a double-side-treated copper foil attached are attached to both the surfaces of a protective metal foil, 
a: a protective metal foil, b: copper foil c: a copper foil surface-treatment in which a hole can be made with a carbon 
dioxide gas laser, d: a general surface-treatment of a copper foil, e: a glass-fabric-substrate copper-clad laminate as 

15 an internal board, f : an aluminum foil for a backup sheet, g: a polyvinyl alcohol resin layer, h: copper foil circuits of an 
internal board, i: a portion where a laser beam is stopped with an aluminum foil when a penetration hole is made with 
a carbon dioxide gas laser, j: outer layer copper foil burrs occurring In a penetration hole portion, k: internal layer copper 
foil burrs occurring in a penetration hole portion, 1: a portion where a penetration hole Is made with a carbon dioxide 
gas laser, m: outer layer copper foil burrs occurring In a blind via hole portion, n: a surface layer portion where a copper 

20 foil is removed by etching for making a penetration hole, o: an internal layer portion where a copper foil is removed by 
etching for making a penetration hole, p: a portion where a penetration hole is made with a low-energy carbon dioxide 
gas laser, q: film-attached double-side-treated copper foil B-staged resin sheet, t: a B-staged resin layer attached to 
a copper foil surface, u: a portion where a blind via hole is made with a carbon dioxide gas laser, v: a penetration hole 
portion treated by SUEP, w: a blind via hole portion treated by SUEP, x: a penetration hole portion plated with copper, 

25 and y: a blind via hole portion plated with copper. 

[0029] Symbols in Fig. 4 to Fig. 6 attached to the present specification have the following meanings. 
[0030] a: an aluminum foil to which a double-side-treated copper foil is to be attached, b: a copper foil both the 
surface of which are treated, c: prepreg, e: a glass-fabric-substrate laminate, f: a polyvinyl alcohol layer, g: an aluminum 
foil for a backup sheet, h: copper foil bun-s, i: a through hole made with a carbon dioxide gas laser, j: an outer layer 

30 copper foil which is decreased in thickness by etching, k: a through hole plated with copper, I: an internal layer copper 
foil in which a deviation occurs, m: a copper-plated through hole portion of a four-layered board and n: a space between 
the wall of a through hole and a land copper foil. 

[0031 ] The present invention relates to a double-side-treated-copper-foil-attached copper-clad board, which double- 
side-treated copper foil has a metallic-treatment layer whk:h has a high absorption rate of a carbon dioxide gas laser 

35 energy and allows a hole to be made by directly irradiating the surface of the copper foil with a carbon dioxide gas 
laser The above metallic-treatment layer is preferably a treated layer containing nickel or nickel and cobalt as essential 
components. When the double-side copper foil having the metallic-treatment layer and a thermosetting resin layer are 
laminate-formed under heat and pressure, an alloy of the metal of the metallic-treatment layer and the copper is fonried. 
The above alloy has characteristic properties that the alloy is not peeled off by surface-friction in some degree. The 

<o metallic-treatment layer made on an outer surface of the copper foil is a metallic treatment which fomns an alloy with 
copper at the time of iaminate-fonnation under heat and pressure. The above alloy layer makes it easy to make a hole 
with a carbon dioxide gas laser. The metallic-treatment layer made on a copper foil surface is not specially limited. The 
metallic-treatment layer may be any treatment layer so long as it can form an alloy with copper at a heating time and 
a hole can be made by directly in^adiatlng the alloy treatment surface with a carbon dioxide gas laser. Preferably, the 

^ metallic-treatment layer is a layer containing nickel or nickel and a cobalt metal as essential components. Metal other 
than these metals may be used. 

[0032] As a nickel-treatment layer, a generally known layer such as a nickel deposition or a nickel plating may be 
used. A nickel alloy treatment can be selected from generally known treatments. For example, it includes an alloy of 
nickel with cobalt, and an alloy treatment of nlckel-chromium-lron. Of course, there may be also used a treatment which 
50 is selected from among general cobalt treatments and zinc treatments and is capable of making a hole with a carbon 
dioxide gas laser. 

[0033] The Iaminate-fonnation is generally canried out at 150 to 250*^C under 10 to 50 kgf/cm^ for 1 to 5 hours. 
[0034] The surface opposite to the metallic-treatment layer surface which is a shiny surface :3 trcetcd with e ^zncraW); 
knonn copper foil ttibX outilcq trczimcnt. Of course, the above nickel metallic-treatment and the like may be formed 
5i> on the mat surface. The surfaces of these treatment layers are preferably rustproofcd for preventing any alterations 
due to the occurrence of rust or the like. The above treatment Is not specially limited, while preferably a coating of an 
oxide of chromium or a mixed coating of an oxide of chromium with zinc and/or an oxide of zinc is fomried. 
[0035] A penetration hole and/or blind via hole having a small diameter can be easily made in a copper-clad board 
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to which the above copper foil is applied, when a copper foil surface on the metallic layer side Is directly Irradiated with 
a carton dioxide gas laser. On account of this, time required for removing a copper foil by etching in advance can be 
saved, and a hole having a small diameter can be efficiently made at a high rate. The output of a carbon dioxide gas 
laser Is preferably selected from 1 0 to 60 mJ. The copper foil surface is directly irradiated with a carbon dioxide gas 

5 laser at an output energy in the above range, to fomi a penetration hole and/or a blind via hole having a diameter of 
80 to 1 80 ^m. After the hole is made, copper foil burrs occur In a hole portion. The bun^s can be removed by mechanical 
polishing. However, etching with a chemical is prefenred in view of the prevention of increases of dimensional changes. 
After the hole is made, a chemical is insufflated or It is suclced through the penetration hole, whereby parts of the 
surface copper foils are etched and removed and at the same time the copper foil burrs are etched and removed. 

10 [0036] After the copper foil bun's are etched and removed, circuits are fomned on front and reverse surfaces of a 
doubie-side copper-clad board obtained by copper plating and the resultant double-side copper-clad board is used to 
prepare a printed wiring board according to a conventional method. For making the circuits on the front and reverse 
surfaces fine, the copper foils on the front and reverse surfaces are arranged to have a remaining thickness of 2 to 7 
^im, preferably 3 to 5 ^im, after the etching treatment. As a result, defects such as a short circuit and a pattern breakage 

15 do not occur, and a high-density printed wiring board can be produced. Further, the processing rate is remarkably high 
as compared with the processing rate with a drill, productivity is fine and > economic performances are excellent. 
[0037] The present Invention relates to a copper-clad board using a double-side-treated copper foil having a copper 
alloy layer on at least Its shiny surface side which copper alloy layer is excellent in absorption rate of a i carbon dioxide 
gas laser energy and allows a hole to be made by directly in'adiating the copper foil surface with a carbon dioxide gas 

20 laser. In the double-side-treated copper foil, a metallic-treatment layer, preferably a metallic layer containing nickel or 
nickel and cobalt as essential components, is provided on at least an outer surface side, and a mat surface which is 
opposite to the above metallic layer and is to be bonded to a resin is provided with a generally known copper-foit- 
surface-treatment layer including the above metallic-treatment layer. Preferably, a copper-clad board or a multi-layered 
board is continuously or discontinuously prepared while a shiny surface of a double-side-treated copper foil having a 

25 metallic-treatment layer such as nickel, which shiny surface has the metallic-treatment layer, faces outside. The me- 
tallic-treatment layer forms an alloy with copper by heating at the time of preparing a copper-clad board, and the alloy 
layer makes it possible to make a hole by direct irradiation with a carbon dioxide gas laser without the occurrence of 
defective items even when the surface is aibbed. 

[0038] The so-obtained copper-clad board and the multi-layered board have an alloy layer which is not peeled off 

30 by surface-friction in some degree, and a hole having a small diameter can be made in the copper-clad board and the 
multi-layered board by directly irradiating the copper foil surface with a carbon dioxide gas laser without the occun'ence 
of defective Items due to the peeling. Afterthe hole is made, burrs of front and reverse copper foils and internal copper 
foils occur, in this case, an etching solution is insufflated or sucked through the hole under a high pressure, whereby 
the copper foil burrs of the outer layers are dissolved and removed. Thereafter, the entire surface is plated with copper 

35 by a conventional method, and circuits and the tike are fomned, to prepare a printed wiring board. 

[0039] A generally known treatment for a copper foil board is carried out on a mat surface of the double-sidetreated 
copper foil having a metallic-treatment layer, which mat surface Is opposite to the surface having the metallic-treatment 
layer and is to be bonded to a resin of a copper-clad board. Of course, the treatment can be selected from a cobalt 
treatment, a zinc treatment, a nickel metallic-treatment or a nickel alloy treatment. For example, there is used a mat 

^0 surface obtained by a method in which a copper foil surface is roughened by a plating of copper-cobalt-nickel and then 
a cobalt treatment or a cobalt-nickel plating treatment is carried out on the copper foil surface. Concave and convex 
shapes having a size of several \im are fonned on the above copper foil surface to be used on a resin side. Concave 
and convex shapes may be present or absent on a shiny surface which has preferably a nickel treatment layer or a 
nickel and cobalt treatment layer and which is the front surface of the double-side-treated copper foil. However, in view 

45 of a treatment with a chemical for decreasing copper in thtekness in a step to follow, it is preferred that the concave 
and convex shapes are as small as possible. Preferably, the concave and convex shapes have a size of 1 ^m or less. 
After such a treatment is carried out, a generally known rustproof treatment such as a single coating treatment of a 
chromic acid compound or a mixed coating treatment of an oxide of chromium and zinc and/or an oxide of zinc is 
preferably carried out for preventing discoloration or rust. Then, a treatment with a sllane-coupling agent is carried out 

so as required. Concerning the thickness of the copper foil of the double-side-treated copper foil, there is used a copper 
foil obtained'by treating both the surfaces of an electrolytic copper foil having a thickness of preferably 3 to 12 ^m. A 
copper foil having a thickness of 9 to 35 ^m, preferably 9 to 18 |xm is used as an internal board. The copper foil can 
bs selected from £ roiled copper foil and an electrolytic copper foil, while an electrolytic copper foil Is prsierred for a 
printed wiring board. 

53 [0040] The coppcr-clad board prepared by using tho doub!e-side-treated copper foil of the present Invention Is a 
copper-clad board or a multi-iayercd board containing at least one copper layer. As a thermosetting resin composition 
layer, there may be used a thenmosetting resin composition layer reinforced with a substrate, a film-based thermosetting 
resin composition layer, and a thermosetting resin composition layer containing no reinforcing substrate and formed 
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of a resin alone. However, a themnosetting resin composition iayer using a giass fabric substrate is preferred in view 
of stiffness. When a high density circuit is fomned, a copper foil of which the initial thickness is thin may be used as a 
surface copper foil to be bonded. Preferably, however, a thick copper foil having a thickness of 9 to 1 2 ^m Is provided, 
laminate-formation Is carried out, a hole is made with a carbon dioxide gas laser or the like, then, the surface copper 
5 foil is decreased In thickness with an etching solution until the surface copperf oil has a thickness of 2 to 7 \m\, preferably 
3 to 5 ^m, and a copper plating is carried out before use. 

[0041] In the copper-clad board having a doubie-side-treated copper foil attached and the multi-layered board, pro- 
vided by the present invention, a B-staged resin sheet or prepreg is laid down at a laminate-formation time and a 
double-side-treated copper foil is disposed thereon so as to allow a metalik^-treatment layer surface of the double-side- 

10 treated copper foil to face outside. 

[0042] In the present invention, there may be also used a double-side treated copper foil in which a B-staged ther- 
mosetting resin composition layer is attached to a mat surface of the copper foil of which a shiny surface is provided 
with a metallic-treatment layer having a high absorption rate of a carbon dioxide gas laser energy. 
[0043] In the present Invention, there may be also used a double-side-treated copper foil In which a thermosetting 

15 resin composition sheet is attached to a mat surface of the copper foil of which a shiny surface is provided with a 
metallic-treatment layer having a high absorption rate of a carbon dioxide gas laser energy. The thermosetting resin 
composition sheet Is preierabiy a poiyimide film in view of flexing characteristics. 

[0044] The B-staged-resin-attached double-side-treated copper foil or the resln-sheet-attached double-side-treated 
copper foil is disposed such that the surface having a metallic-treatment layer faces outside, prepreg is disposed on 

20 the lower surface of the copper foil, stainless steel plates are placed on both the surfaces of the resultant set, and the 
resultant set Is laminate-fomried under heat and pressure preferably in vacuum, to prepare a single-side copper-dad 
board or a doubie-side copper-clad board. After the heating, the metallic-treatment layer containing nickel or nickel 
and cobalt on the surface at least partially fomns an alloy with the copper. Further, in another embodiment, an internal 
board is provided, the copper foil surfaces of the internal board are chemically treated as required, a B-staged sheet 

25 orprepregandadouble-slde-treatedcopperfoil.aB-staged-resin-attachedcopperfoiloraresin-sheet-attachedcopper 
foil are disposed on the surface of the Internal board, and the resultant set is similarly laminate-formed. 
[0045] The method of bonding a copper foil to a poiyimide film is not specially limited. A generally known method Is 
used. For example, there is employed a method in which an adhesive is applied onto at least one surface of a poiyimide 
film and B-staged, a metallic-treatment copper foil is disposed on the above poiyimide film such that the metailic- 

30 treatment layer faces to the direction opposite to the B-staged resin layer of the poiyimide film, lamination Is continuously 
carried out with a heating roll, and then, the resultant set is heated and cured at a temperature which does not cause 
a peeling with increasing a temperature step by step, to prepare a copper-clad board. Further, there is also employed 
a method in which copper is directly bonded to a poiyimide film by spattering or the like without the use of an adhesive. 
In the method in which copper is directly bonded, thereafter, a nickel treatment or a nickel alloy treatment is carried 

35 out on the surface of the copper before use. 

[0046] A generally known organic or Inorganic woven fabric or non-woven fabric may be used as a substrate for the 
copper-clad board. Specifically, the Inorganic fiber includes fibers of E giass. S glass, D glass and M glass. Further, 
the organic fiber includes fibers of a wholly aromatic polyamide, a liquid crystal polyester and polybenzazole. These 
may be used as mixtures. Films such as a poiyimide film may be used. 

40 [0047] The resin used In the copper-clad board of in the present Invention can be selected from generally known 
thermosetting resins. Specific examples of the resin include an epoxy resin, a polyfunctional cyanate ester resin, a 
polyfu notional maleimide-cyanate ester resin, a polyfunctional mafeimide resin and an unsaturated-group-containing 
polyphenylene ether resin. These resins are used alone or in combination. In view of the form of a through holefonmed 
by the irradiation with a high-output carbon dioxide gas laser, it is preferred to use a thermosetting resin composition 

^5 having a glass transition temperature of at least 150*C. In view of humidity resistance, anti-migration properties and 
electric characteristics after moisture absorption, a polyfunctional cyanate ester resin composition is preferred. The 
resin used in an internal board Is also selected from similar resins. 

[0048] A polyfunctional cyanate ester compound which is a suitable thenmosetting resin component In the present 
Invention refers to a compound having at least 2 cyanato groups per molecule. Specific examples thereof include 1 ,3- 
50 or 1 ,4-dicyanatoben2ene, 1,3,5-tricyanotobenzene, 1.3-. 1,4-, 1,6-, 1,8-, 2,6- or 2,7-dicyanatonaphthalene, 1,3,6-tri- 
cyanatonaphthalene, 4,4-dicyanatobiphenyl, bis (4-dicyanatophenyl)methane, 2.2-bis(4-cyanatophenyl)propane, 
2,2-bis(3,5-dibromo-4-cyanatophenyl)propane, bis (4-cyanatophenyl)ether, bls(4-cyanatophenyl)thlo8th©r, bis (4-cyQ- 
notoph£r.y:)sL3:fono, tr:3(4-cy£nai0phcny;;ph03p?:ltc, triot'^-cyEnEtophcnyOphccphato and cysnstcs obtained by a re- 
ECtlon between novolak and halogen cyanide. 

[3049] in addition to the above compound, there may be used polyfunctional cyanate ester compounds disclosed In 
Japanese Patent Publications Nos. 41-1928. 43-18468. 44-4791, 46-11712. 46-41112 and 47-26853 and JP-A- 
51-63149. Further, there may be used a prepolymer having a-molecu!ar weight of 400 to 6,000 and having a triazine 
ring fomned by trimerizing cyanato group of any one of these polyfunctional cyanate ester compounds. The above 
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prepolymer Is obtained by polymerizing the above polyfunctlonal cyanate ester monomer In the presence of an acid 
such as a mineral acid or a Lewis acid, a base such as sodium alcoholate or tertiary amine, or a salt such as sodium 
carbonate as a catalyst. The prepolymer partially contains unreacted monomer and is in the fomn of a mixture of a 
monomer and a prepolymer, and the prepolymer in the above form Is also suitably used in the present invention. 

5 Generally, it is dissolved in an organic solvent in which it is soluble, before use. 

[0050] The epoxy resin Is selected from generally Icnown epoxy resins. Specific examples thereof include a liquid or 
solid bisphenol A type epoxy resin, a bisphenol F type epoxy resin, a phenol novolak type epoxy resin, a cresol novolak 
type epoxy resin, an alicyclic epoxy resin, a polyepoxy compound obtained by epoxidizing the double bond of butadiene, 
pentadiene, vinylcyclohexene or dicyclopentyl ether, a polyol, and a polyglycidyl compound obtained by a reaction 

10 between a hydroxyl-group-containing silicone resin and epohalohydrin. These resins may be used alone or in combi- 
nation. 

[0051] The polyimide resin is selected from generally known polyimide resins. Specifically, it is selected from reaction 
products from polyfunctlonal maleimides and polyamines, and polyimides having tenninai triple bonds, disclosed in 
JP-B-57-005406. 

15 [0052] The above themnosetting resins may be used alone, while it is preferred to use these resins in a proper 
combination in view of a balance of properties. 

[0053] Various additives may be added to the thermuseUing resin composition in the present invention as required 
so long as the inherent properties of the composition are not impaired. The above additives Include monomers having 
polymerizable double bonds such as unsaturated polyester, prepoiymers of these, liquid elastic rubbers having a low 

20 molecular weight or elastic rubbers having a high molecular weight such as polybutadiene, epoxidized butadiene, 
maleated butadiene, a butadiene-acrylonltrile copolymer, polychloroprene, a butadienestyrene copolymer, polyisprene, 
butyl rubber, fluorine rubber and natural rubber, polyethylene, polypropylene, polybutene. poly-4-methylpentene, pol- 
ystyrene, AS resin, ABS resin, MBS resin, styrene-isoprene rubber, a polyethylene-propylene copolymer, a 4-fluor- 
oethylene-6-fluoroethylene copolymer, high-molecular-weight prepoiymers or oligomers such as polycarbonate, 

25 polyphenylene ether, potysulfone, polyester and potyphenylene sulfide, and polyurethane. These additives are used 
as required. Further, various known additives such as an organic or inorganic filler, a dye, a pigment, a thickener, a 
lubricant, an anti-foamer, a dispersing agent, a leveling agent, a photo-sensitizer, a flame retardant, a brightener, a 
polymerization inhibitor and a thixotropic agent may be used atone or in combination as required. A curing agent or a 
catalyst is incorporated into a compound having a reactive group as required. 

30 [0054] The themnosetting resin composition used in the present invention may contain an insulating inorganic filler. 
Particularly for making a hole with a carbon dioxide gas laser, the amount of the above filler based on the thermosetting 
resin composition is 10 to 80 % by weight, preferably 20 to 70 % by weight, in order to make the form of a hole 
homogenous. The kind of the insulating inorganic filler is not specially limited. Specific examples thereof include talc, 
calcined tak:, aluminum hydroxide, kaolin, alumina, wollastonite, and synthetic mica. These fillers are used and incor- 

35 porated alone or in combination. A filler having a spherical fomi, an indetenminate fonm, an acicular fornn or a tabular 
form is used alone or a filler having one fornn of these forms Is used in combination with at least one filler having another 
fomi of these fonns. 

[0055] The themnosetting resin composition used in the present invention undergoes curing itself under heat. How- 
ever, when it is poor in workability and economic performances, etc., due to its low curing rate, a known heat-curing 
^0 catalyst Is incorporated into the thennosetting resin. The amount of the catalyst per 100 parts by weight of the ther- 
mosetting resin is 0.005 to 10 parts by weight, preferably 0.01 to 5 parts by weight. 

[0056] The present invention provides a copper-clad board suited for making a hole with a carton dioxide gas laser, 
which copper-clad board is obtained by attaching a protective sheet to a metallic-treatment layer surface of a double- 
side-treated copper foil with bonding at least part of the protective sheet to the copper foil, and disposing a B-staged- 
^5 resin-layer-attached resin sheet on the other surface of the above copper foil. 

[0057] That is, a protective sheet such as a metal foil or a film is attached to a shiny surface of the double-side- 
treated copper foil used in the present invention, which shiny surface is provided with a metallic-treatment layer and 
is to be an outer surface. 

[0058] It is preferred to use a double-side-treated copper foil to which a protective sheet is attached, as at least a 
50 surface copper foil of a copper-clad board or a multi-layered board. After the protective-sheet-attached double-side- 
treated copper foil Is used to prepare a copper-clad board or a multi-layered board, the protective sheet is peeled off 
to produce a printed wiring board. 

[©0593 Further, the protcctivs shcst :s sttschsd to thus-obtained ccppcr-cl^o' bozrd. Aficr the prctcctivs sheet (3 
pssled off, the upper surface of the copper-clad board is drilled with e mechanical drill to make a hols. Otherwise, the 
55 protective sheet may be retained as it is, and a hole can be mad© from the surface of the protective sheet by mechanical 
drilling. It is difficult to make a hole having a diameter of 1 80 (xm or less by mechanical drilling. Therefore, a hole having 
such a diameter is made with a carbon dioxide gas laser after peeling the protective sheet off or while retaining the 
protective sheet. 
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[0060] The protective sheet to be bonded to a double-side-treated copper foil Includes a metal foil or a heat-resistant 
fllnn. The protective sheet is not specially limited. It is preferred to use a thermoplastic film having a thickness of 20 to 
200 |xm. The film is not specially limited, while those which bond to a copper foil at a laminate-fonmation time and do 
not peel off are not used. Specifically, there may be used a known heat-resistant film such as a polyester film, a Teflon 

s (polytetrafluoroethylene) film, or a triacetate film, 4-methylpentene-1 film. The above film works to prevent the occur- 
rence of a dent or the adhesion of a resin on a copper foil surface at a laminate-fomnation time. A stainless steel plate 
is disposed on the above film, and the resultant set is laminate*fomried under heat and pressure preferably in vacuum, 
whereby a copper-clad board is prepared. In this case, thereafter, the film is peeled off from the copper-clad board, 
and then mechanical drilling or drilling with a carbon dioxide gas laser is canried out. At least portions, preferably end 

10 portions, of the protective film and the double-side-treated copper foil are bonded to each other for use. The bonding 
method may be selected from generally known methods. Examples thereof include a method in which an adhesive is 
used for the bonding and a method in which melting under heat is used for the bonding. 

[0061] The metal foil Is not specially limited. For example, an aluminum foil, an iron foil, or a copper foil is used. The 
thickness is not specially limited, while it Is prefen^ed to use a metal foil having a thickness of 20 to 200 \vrr\ when a 

15 continuous sheet is prepared. 

[0062] For the iaminate-fomnation, the thickness of the metal foil is preferably 200 to 500 ^m. In this case, the lam- 
inate formation can be carried out by the use of a metal foil such as aluminum in place of the stainless steel plate 
without using the stainless steel plate, and many copper-clad boards can be laminate-formed at once. That Is, the 
present invention provides a copper-clad board suitable for making a hole with a carbon dioxide gas laser, which 

20 copper-clad board is obtained by using a metal-foil-carrier-attached copper foil in which one surface or both the surfaces 
of a double-side-treated copper foil Is/are provided with metal foil(s) and the metal foil(s) is/are partially bonded to the 
copper foil. 

[0063] The present invention using a metal foil carrier uses a double-side-treated copper foil. At least part of margins 
of the copper foil is bonded to a metal foil, preferably an aluminum carrier, and laminate-fomnation is carried out by the 

25 use of the copper foil to prepare a copper-clad board. The thus-obtained copper-clad board Is almost free from a dent 
and the adherence of a resin on a copper foil surface so that, in the following formation of a fine pattern, the occurrences 
of a short circuit and a breakage caused by the dent and the adherence of the resin are prevented. As a result, in the 
formation of a high-density printed wiring board, the occun^ence rate of defective items can be reduced. 
[0064] A carrier such as aluminum is attached to the thus-obtained copper-clad board and, in this state, drilling may 

30 be earned out from the surface of the carrier with a mechanical drill. The carrier can be utilized for removing the 
generation of heat due to the drilling and preventing the occurrence of copper foil burrs. The mechanical drilling can 
not make a hole having a diameter of 80 [im to 180 |im. When a hole having such a diameter is made, therefore, the 
aluminum carrier is peeled off and the copper foil surface Is directly in'adiated with a carbon dioxide gas laser having 
an energy sufficient for processing a copper foil by means of its pulse oscillation to make a through hole and/or a blind 

35 via hole. 

[0065] A double-side-treated copper foil having a metallic-treatment layer on at least one surface thereof is disposed 
on one surface or both the surface of a protective metal foil, at least part of a side end portion of the double-side-treated 
copper foil Is bonded to the metal foil with an adhesive or the like, to obtain a board in which the double-side-treated 
copper foil(s) is/are attached to one surface or both the surfaces of the protective metal foil. As a metal foil, an aluminum 

40 foil, an iron-foil and other metal foils or foils of alloys of these may be used. Preferably, an aluminum foil Is used. The 
thickness of the metal foil is not specially limited. When the metal foil is used in place of the stainless steel plate at the 
laminate-formation time, the thickness of the metal foil is preferably 200 to 500 In a laminate-fomiation, a board 
having a double-side-treated copper foil attached to one surface of a protective metal foil is disposed on each outermost 
surface so as to allow the double-side-copper foil surface to face a prepreg side, a board having double-side-treated 

45 copper foils attached to both the surfaces of a protective metal foil is disposed inside, a plurality of the boards having 
double-side-treated copperfoils attached to both the surfaces of a protective metal foil are combined so as to sandwich 
prepreg between two of the above boards, the combined boards are placed between platens, and these materials are 
laminate-fomried under heat and pressure preferably In vacuum. In a general laminate-fomriatlon, stainless steel plates 
are used at a laminate-fomriation time. The thickness of the stainless steel plate is 1 to 2 mm, and the number of 

50 materials to be placed between the platens is limited. Furfher, when the copper foils are disposed on both the sides of 
the prepreg, dusts are immixed, which causes a dent or the adherence of a resin. However, when the metal-foil-attached 
copper foil of the present invention is used, almost no immixture of a dust occurs. Further, since a metal foil to be used 
h£S £ thickness of P.OO to 500 ]i?n, t:io niJin^cr of the iT!£Lcrlsi!3 to be pieced bclr;ccn ihc pleicns can be increased £S 
compared with the case of using a stainless steel plate. Tnsrefore, the use of tho metal-foil-atteched copper foil of the 

33 present invention is excellent In productivity. 

[0086] A plurality of the rnetai-roil-carrier-atcached doubie-side-treated copper foils of the present invention are set 
at a lamlnate-fonnatlon time, and the laminate-fomiation can be carried out without using the stainless steel plate. For 
this reason, the numb r of materials to be placed between platens of a press can be Increased as compared with the 



8 

05/22/2003, EAST Version: 1.03.0002 



EP 1097 806 A2 



use of the stainless steel plates having a thickness of 1 to 2 mm each, and the use of the double-side-treated copper 
foils having a metal foil carrier attached Is excellent In productivity. After the laminate-fonnation, the metal foil Is peeled 
off or not peeled off depending upon a processing method, that is, a method of making a hole, and the resultant laminate 
is used to prepare a printed wiring board. A hole can be made from the surface of the metal foil with a mechanical drill. 
5 When a hole is made with a carbon dioxide gas laser, the metal foil is removed and then the hole is made from the 
treatment copper foil surface. 

[0067] The present invention provides a method of making a hole in a copper-clad board, wherein a penetration hole 
and/or a blind via hole is made by directly Irradiating a metallic-treatment layer surface of the copper-clad board of the 
present invention with a carbon dioxide gas laser having an energy sufficient for processing a copper foil by means of 
10 Its pulse oscillation. 

[0068] When the penetration hole and/or the blind via hole is made with a carbon dioxide gas laser, a copper foil 
surface is directly irradiated with a carbon dioxide gas laser beam to process the copper foil and to make the hole. 
[0069] The wavelength of a carbon dioxide gas laser is 9.3 to 1 0.6 ^m. The energy of a carbon dioxide gas laser Is 
preferably 5 to 60 mJ, more preferably 1 0 to 60 mJ, the most preferably 1 0 to 40 mJ. A predetermined number of pulses 
15 are irradiated to make a hole. When the penetration hole and/or the blind via hole is made, there may be employed 
either method of a method in which the same energy is irradiated from beginning to end to make a hole or a method 
in which the energy is Increased or decreased during the processing to make a hole. 

[0070] In the present Invention, when the holes are made with a carbon dioxide gas laser, copper foil burrs occur 
around the holes. The method of removing the copper burrs occurring on the hole portions by etching Is not specially 

20 limited, and it includes methods of dissolving and removing a metal surface with a chemical (called a SUEP method) 
disclosed, for example, in JP-A-02-22887, JP-A-02-22896, JP-A-02-25089. JP-A-02-25090. JP-A-02-59337, JP-A- 
02-601 89, JP-A-02-1 66789, JP-A-03-25996, JP-A-03-601 83, JP-A-03-94491 , JP-A-04-1 99592 and JP-A-04-263488. 
The etching rate is generally 0.02 to 1 .0 pm/second. Further, when copper foil bun^s of the internal and outer layers 
etched and removed, part of each copper foil surface is two-dimensionally etched and removed at the same time such 

25 that each copper foil has a remaining thickness of 2 to 7 ^m, preferably 3 to 5 [im. In this case, fine patterns may be 
formed on copper foils plated with copper In a step to follow, and a high-density printed wiring board can be obtained. 
[0071] It is possible to simply place a metal plate on the reverse surface of the copper-clad board for preventing the 
damage of the table of a laser machine, which damage is caused by a laser when a hole is penetrated. Preferably, 
however, a resin layer bonded to at least part of the surface of a metal plate is disposed and bonded to the reverse- 

30 surface copper foil of the copper-clad board and, after the penetration hole is made, the resin layer and the metal plate 
are peeled off. 

[0072] Holes can be continuously made. In this case, there is a method in which, while a copper-clad sheet in a state 
of floating In the air is continuously fed, holes are made with a carbon dioxide gas laser. 

[0073] In the majority of cases, a resin layer having a thickness of 1 ^m remains on copper foil burr surfaces, to 
35 which a resin has been bonded, inside the hole made and on front and reverse surfaces. The resin layer may be 
removed before etching by a generally known treatment such as a desmearing treatment. When, however, a desmear- 
ing solution does not reach to the inside of a small-diameter hole, the remains of the resin layer remaining on an internal 
layer copper foil surface occur, which cause a failure in connection to a copper plating in some cases. Therefore, more 
preferably, first, the inside of a hole is treated in a gaseous phase to remove the remaining resin layer completely and 
40 then the copper foil burrs of the front and reverse surfaces are removed by etching. 

[0074] The gaseous phase treatment can be selected from generally known methods such as a plasma treatment 
and a treatment with low ultraviolet light. The plasma treatment uses low-temperature plasma prepared by partially 
exciting and ionizing molecules with a high-frequency power source. In the plasma treatment, a high-rate treatment 
using ionic impact or a moderate treatment with radical species is generally used. As a processing gas, a reactive gas 
45 or an inert gas is used. As a reactive gas, oxygen is mainly used, and a surface is chemically treated. As an inert gas, 
argon gas is mainly used. Physical surface treatment is candled out with argon gas, or the like. The physical treatment 
cleans a surface with an ionic impact. The low ultraviolet light Is ultraviolet light in a short wavelength region. The resin 
layer is decomposed and removed by in^adiatlon with a wavelength in a short wavelength region having a peak at 1 84.9 
nm or 253.7 nm. 

50 [0075] The inside of a hole may be plated with copper by a general method. Further, part, preferably at least 80 % 
by volume, of the inside of a hole may be filled with a copper plating. 

Effect of the Invention 

ss [[3078] In the coppsr-clad board of the present invention, when the copper-clad board is prepared by fomning a me- 
tallic-treatment layer on a copper foil surface and laminate-fotming the copperf oil and a themnosetting resin composition 
layer under heat and pressure, the metallte-treatment layer and the copper are converted to an alloy, whereby there 
can be formed an alloy layer which Is not easily peeled off when the surface treatment of the copper foil is rubbed. 
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Owing to the formation of the alloy, when a penetration hole and/or a blind via hole having a diameter of 80 to 1 80 ^m 
is made in the copper-clad board by the direct in-adiation of a carbon dioxide gas laser beam, the hole can be made 
without the occurrence of any defective items due to the peelings of the copper foil surface-treatment layer for facilitating 
the absorption of a carbon dioxide gas laser. Further, the processing rate is remarkably high as compared with the 
s processing rate by mechanical drilling, and productivity Is remarkably Improved. Then, copper foil burrs occumng in 
the hole portion are dissolved and removed and concurrently part of each surface copper foil is dissolved so as to have 
a remaining thickness of 2 to 7 ^m, preferably 3 to 5 ^m, whereby a fine pattern can be made by copper plating in a 
step to follow. There may be produced a high-density printed wiring board. 

[0077] Further, the incorporation of the Insulating inorganic filler makes the form of a hole fine. Fewer spaces occur 

10 between land copper foils for front and reverse surfaces and a hole as compared with a case where holes are made 
in copper foils on front and reverse surfaces by etching and then holes are made with a carbon dioxide gas laser. 
Further, when a printed wiring board Is obtained by using, as a themnosettlng resin composition, a resin composition 
containing a polyfunctional cyanate ester compound and/or a prepolymer of said cyanate ester as essential compo- 
nents, the printed wiring board is excellent in heat resistance and a nti -migration properties. 

15 [0078] In the present invention, a copper-clad laminate using a doubie-side-treated copper foil in which a B-staged 
thennosetting resin layer or a potyimide film Is attached to a mat surface of the copper foil opposite to a shiny surface 
provided Vi/ith a metallic treatment capable of making a hole by direct Irradiation with a carbon dioxide gas laser energy, 
is almost free from a dent or the adherence of a resin. In the following fomiation of a pattern, a short circuit and a 
pattern breakage are not caused by these defects, and a high-density printed wiring board can be produced. 

20 [0079] When a laminate-formation is carried out by the use of carrier-attached copper foils obtained by bonding at 
least a portion of the margins of a double-side-treated copper foil to a carrier, provided by the present Invention, to 
obtain a plurality of copper-clad laminates, no stainless steel plates are required for the laminate-fomiation. The thus- 
obtained copper-clad laminates have almost no dent, no adherence of a resin and no flaws. Therefore, in the following 
fonnation of a pattem, a short circuit and a pattern breakage are not caused by these defects, and a high-density 

25 printed wiring board can be produced. 

[0080] According to the present invention, there Is provided a method of making a through hole and/or a blind via 
hole having a diameter of 80 to 1 80 ^m in a copper-clad laminate obtained by providing a double-side-treated copper 
foil as at least an outer layer and carrying out a lamlnate-fonnation, by directly irradiating the surface of the copper- 
clad laminate with a cari3on dioxide gas laser energy sufficient for processing a copper foil. According to the method 

30 of the present invention, there is provided a hole-making method, of which the processing rate is remarkably high as 
compared with the processing rate by mechanical drilling, and the productivity is remarkably improved. Thereafter, 
copper foil burrs occurring in the hole portion are dissolved and removed and at the same time part of each surface 
copper foil is dissolved such that each surface copper foil has a remaining thickness of preferably 2 to 7 ^m, whereby 
a fine pattem can be fonned in the following copper plating, and a high-density printed wiring board can be produced. 

35 

Examples 

[0081] The present invention will be explained specifically with reference to Examples and Comparative Examples 
hereinafter, in which "part" stands for "part by weight" unless otherwise specified. 

40 

Example 1 

[0082] 700 Parts of 2,2-bjs(4-cyanatophenyl)propane, 200 parts of 1 ,4-dicyanatebenzene and 100 parts of bis 
(4-maleimidephenyl)methane were melted at ISO^'C and allowed to react for 5 hours with stirring, to prepare a prepol- 
ymer. The prepolymer was dissolved in mixed solvents of methyl ethyl ketone and dimethylfonmamide. To this solution 
were added 400 parts of a bisphenol A type epoxy resin (trade name: Epikote 1 001 , supplied by Yuka-Shell Epoxy K. 
K.) and 600 parts of a cresol novolak type epoxy resin (trade name: ESCN-220F, supplied by Sumitomo Chemical Co., 
Ltd.), and these materials were homogeneously dissolved and mixed. Further, as a catalyst, 0.4 part of zinc octylate 
was added, and these materials were dissolved and mixed. To the resultant mixture were added 1 ,000 parts of an 

so Inorganic filler (trade name: Calcined Talc, average particle diameter 4 ^m, supplied by Nippon Talc K.K.), 1 ,000 parts 
of aluminum hydroxide (average diameter 3(im) and 8 parts of a black pigment, and these materials were homogene- 
ously stirred and mixed to prepare a varnish. The above varnish v/as used to impregnate a 1 00 ^m thick glass woven 
fsbric, and t'no inprcgnatcd pIegg novcn fabric i7£3 dried at 150°C to prtpBTQ prcp.^cgs having a gelation tmo of 102 
seconds at 170'^C and having a glass fabric content of 50 % by weight, 

55 [0083] A nickel treatment having a thickness of 3 [im was fonmed on a shiny surface of a 9 ^m thick electrolytic 
copper foil. Two of such copper foils were prepared. Four of the above prepregs were stacked, the above electrolytic 
copper foils were placed on the upper and lower surfaces of the stacked prepregs, one on one surface and the.other 
on the other surface, 1 .5 mm thick stainless steel plates were disposed thereon, and the resultant set was laminate- 
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formed at 200 at 20kgf/cm2 under a vacuum of 30 mmHg or less for 2 hours, to give a double-side copper-clad 
laminate. Separately, a resin of a polyvinyl alcohol in water was applied to one surface of a 50 \m\ thick aluminum foil, 
the applied resin was dried at 11 0 ""C for 20 minutes to prepare a backup sheet having a 20 ^m thick coating. 
[0084] The surface of the double-side copper-clad laminate was rubbed with a fabric ten times, then, the backup 

s sheet was placed on the lower surface of the double-side copper-clad laminate, and the backup sheet was bonded to 
the double-side copper-clad laminate with a heating roll at 1 00 at a linear pressure of 3 kgf/cm. The upper surface 
of the resultant double-side copper-ciad laminate was 6 shots irradiated directly by pulse oscillation with a carbon 
dioxide gas laser at an output of 13 mJ to form 900 penetration holes having a diameter of 100 p.m In a 50 mm x 50 
mm square area in each of 70 blocks, 63,000 holes in total. The backup sheet on the lower surface was removed. A 

10 SUEP solution was insufflated at a high rate to dissolve and remove burrs on the front and reverse surfaces and at 
the same time to dissolve the surface copper foils until the surface copper foils had a remaining thickness of 4 ^m 
each. Copper plating was carried out to fomi a plating layer having a thickness of 15 p.m on each surface. Thereafter, 
circuits (line/space = 50/50 ^m), pads for solder balls, and the like were fomned by a conventional method, portions 
other than at least a semiconductor chip portion, pad portions for bonding and solder ball pad portions were coated 

15 with a plating resist, and nickel plating and gold plating were earned out, to preduce a printed wiring board. Table 1 
shows the evaluation results to the printed wiring board. 

Example 2 

20 [0085] 300 Parts of an epoxy resin (trade name: Epikote 1001 , supplied by Yuka-Sheil Epoxy K.K.) and 700 parts 
of an epoxy resin (trade name: ESCN-220F, supplied by Sumitomo Chemical Co., Ltd.), 35 parts of dicyandiamide and 
1 part of 2-ethyl-4-methylimidazole were dissolved in mixed solvents of methyl ethyl ketone and dimethylfomiamlde, 
and these materials were unrfomrily stirred and mixed, to give a varnish. The varnish was used to impregnate a 100 
pm thick glass woven fabric and dried to give prepreg A having a gelation time of 150 seconds and having a glass 
25 fabric content of 48 % by weight, and the varnish was used to Impregnate a 50 ^m thick glass woven fabric and dried 
to give prepregs B having a gelation time of 170 seconds and having a glass fabric content of 31 % by weight. 
[0086] One sheet of the prepreg A was provided, general electrolytic copper foils having a thickness of 12 [im each 
were placed on the front and reverse surfaces of the prepreg A, one on one surface and one on the other surface, and 
the resultant set was lamlnate-fonned at 1 90'*C at 20 kgf/cm^ under a vacuum of 30 mmHg or less, to obtain a double- 
so side copper-clad laminate. Circuits were formed on the front and reverse surfaces of the laminate, and a treatment to 
fomn black copper oxide was carried out. Separately, a nickei-cobait layer having a thickness of 1 .5 \im was fomried 
on a shiny surface of a 12 jim thick electrolytic copper foil. Two sheets of such electrolytic copper foils were prepared. 
Thereafter, the prepregs B were disposed on the upper and lower surfaces of the above laminate, one on one surface 
and one on the other surface, the above electrolytic copperfoils were placed thereon and the resultant set was laminate- 
35 fomned in the same manner as In Example 1 , to prepare a four-layered board. The surface of the four-layered board 
was rubbed with a fabric ten times, the same backup sheet as that in Example 1 was placed on the lower surface of 
the above board, and the backup sheet was bonded to the four-layered board with a heating roll at 100 °C at 5 kgf/ 
cm. The upper surface of the resultant four-layered board was 4 shots in-adiated with a carbon dioxide gas laser at an 
output of 1 0 mJ to fomn penetration holes having a diameter of 1 20 ^m. Further, the upper surface was 2 shots irradiated 
40 with a carbon dioxide gas laser at an output of 12 mJ to fonm blind via holes having a diameter of 90 ^m. The entire 
board was treated by the SUEP treatment, to dissolve and remove copper foil bun's and at the same time to dissolve 
and remove the surface copperfoils until the surface copperfoils had a remaining thickness of 3 ^im each. Then, copper 
plating was carried out in the same manner as In Example 1 . Then, a printed wiring board was prepared in the same 
manner as in Example 1 . Table 1 shows the evaluation results. 

45 

Comparative Example 1 

[0087] In the preparation of a copper-clad board in Example 1 , general copper foils were used to prepare a copper- 
clad board. Attempts were made to make holes in the copper-clad board with a carbon dioxide gas laser under the 
so same condition. However, the laser beam was reflected so that the energy of the carbon dioxide gas laser was not 
absorbed. No holes were made. 

Comparetivo Example 2 

S3 [0088] In Example 1 , a general copper foil which had no nickel treatment layer was used, and laminate fonmation 
was carried out to prepare a copper-clad laminate. The surface thereof was treated to form black copper oxide. There- 
after, the surface was rubbed with a fabric ten times to grind the black copper oxide treatment, and the resultant surface 
was irradiated with a carbon dioxide gas laser under the same condition as that In Example 1 . Almost no holes were 
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made. 

Comparative Example 3 

5 [0089] 2,000 Parts of an epoxy resin (trade name: Epikote 5045, supplied by Yuka-Shell Epoxy K.K.), 70 parts of 
dicyandiamide and 2 parts of 2-ethyl-4-methylimidazole were dissolved in mixed solvents of metiiyl ethyi ketone and 
dimetliyiformamide, further, 800 parts of the same insulating inorganic filler as that used in Example 1 was added, and 
these materials were stirred and uniformly dispersed, to give a varnish. The varnish was used to impregnate a 1 00 (im 
thick glass woven fabric and dried to give prepregs C having a gelation time of 140 seconds and having a glass fabric 

10 content of 62 % by weight, and the varnish was used to impregnate a 50 ^im thick glass woven fabric and dried to give 
prepregs 0 having a gelation time of 1 80 seconds and having a glass fabric content of 33 % by weight. Two of the 
prepregs C were stacked, general electrolytic copper foils having a thickness of 1 2 ^m were placed on both the surfaces 
of the stacked prepregs, one on one surface and one on the other surface, and the resultant set was laminate-fomned 
at 180*C at 20 kgf/cm^ under a vacuum of 30 mmHg or less, to obtain a double-side copper-clad laminate. Circuits 

15 were formed on the front and reverse surfaces of the copper-clad laminate, and a treatment to form black copper oxide 
was carried out. The prepregs D were placed on the upper and lower surfaces of the resultant copper-clad laminate, 
one on one surface and one cn the other surface, general electrolytic copper foils were placed thereon, and the resultant 
set was laminate-fonmed to obtain a four-layered board. Penetration holes having a diameter of 150 ^m each were 
made in the four-layered board by mechanical drilling. For making via holes, the copper foil surface was directly irra- 

20 diated with a carbon dioxide gas laser at an output of 30 mJ. However, no holes were made. A copper plating was 
carried out without carrying out the SUEP treatment, and a printed wiring board was obtained In the same manner as 
in Example 1 . Table 1 shows the evaluation results. 

Comparative Example 4 

25 

[0090] The same double-side copper-clad laminate as that in Example 2 was provided, copper foils having a diameter 
of 1 00 Jim on the front and reverse surfaces of the copper-clad laminate as an Internal layer in positions where through 
holes were to be made were etched and removed, circuits were formed, then, the copper foil surface was treated to 
fomn black copper oxide, the same prepregs B as that in Example 2 were placed on both the outsides of the laminate. 

30 one on one surface and one on the other surface, general electrolytic copper foils having a thickness of 12 ^ were 
placed thereon, and the resultant set was laminate-fomned under the same condition as that in Example 2, to obtain 
a four-layered copper-clad board. Holes having a diameter of 100 jim each were made in the surface copper foils on 
the front and reverse surfaces of the above multi-layered board in positions where penetration holes were to be made 
by etching and removing the surface copper foils (Fig.6(1 )). The front surface of the resultant multi-layered board was 

35 4 shots in-adiated with a carbon dioxide gas laser at an output of 1 5 mJ, to make penetration holes (Fig.6(2)). Thereafter, 
the SUEP treatment was not carried out similarly to Comparative Example 3, a desmearing treatment was earned out 
once, a copper plating was carried out to form a plating layer of 16 ^im (Fig.6(3)), circuits were formed on the front and 
reverse surfaces, and a printed wiring board was similarly produced. Table 1 shows the evaluation results. 

40 Table 1 





Examples 


Comparative Examples 


1 


2 


2 


3 


4 


Formation of penetration holes (%) 


100 


100 


6 


100 


100 


Spaces between land copper foils on the front and reverse 
surfaces and a hole bim) 


0 


0 




0 


27 


Positional deviation between the hole and the internal layer 
copper foil (^m) 




0 






39 


Pattern breakage and short circuits (pieces) 


0/200 


0/200 




52/200 


53/200 


Glass transition temperature (**C) 


210 


160 




139 


160 


Through hoIc-hcGt cycb teat {%) 


1 00 cyclso 


1.1 


1.3 




1.6 


4.2 


300 cycles 


1.3 


1.7 




1.8 


9.6 


Processing time period for making holes (minute) 


19 


13 




630 
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Table 1 (continued) 





Examples 


Comparative Examples 


Anti-migration properties (IHAST) (Q) 












Ordinary state 


5x10^1 






1x1011 




200 hours 


7x108 






<108 




500 hours 


6x108 










700 hours 


4x108 










1000 hours 


2x108 











<Measurement Methods> 



1) Spaces of hole positions on the front and reverse surfaces, and number of fomied penetration hoies 

[0091] 900 holes having a diameter of 1 00 ^im (carbon dioxide gas laser) or 900 holes having a diameter of 150 \irr\ 
(mechanical drili), were made in one biocl<, and holes were made in 70 blocks (63,000 holes in total). 
[0092] The holes were made with a carbon dioxide gas laser or with a mechanical drill. Table 1 shows time periods 
required for maldng 63,000 holes in a copper-clad board, the maximum values of deviations between the copper foils 
for lands on the front and reverse surfaces and the holes and the maximum values of deviations between the Internal 
layer copper foil and wall of the hole. The number of all the holes formed was checked through a magnifier. 

2) Circuit pattem breakage and short circuit 

[0093] In Examples and Comparative Examples, boards having no holes made were similarly prepared, comb-like 
patterns having a line/space = 50/50 \im were prepared, and then 200 patterns were visually observed through a 
magnifier after etching. A numerator shows the total of patterns which had a circuit pattern breakage and a short circuit. 

30 

3) Glass transition temperature 

[0094] Measured by a DMA method according to JIS C6481 . 

^ 4) Through hole-heat cycle test 

[0095] A land having a diameter of 250 ^m was fonned in each through hole, and 900 holes were connected alter- 
nately from one surface to the other surface. One heat cycle consisted of immersion in solder at 260*C for 30 seconds 
-> room temperature for 5 minutes, and 300 cycles were repeated. Table 1 shows the maximum value of change ratios 
of resistance values. The inside of each through hole and the surface layers were filled or coated with a resist for 
preventing the adherence of a solder. 

5) Anti-migration properties 

[0096] First, copper-plated through holes having a diameter of 1 00 pm (carbon dioxide gas laser) or having a diameter 
of 150 ^m (mechanical drilling) and having a land having a diameter of 250 \im are alternately connected from one 
surface to the other surface. In this case, through holes were connected one by one in each surface. Secondly, similar 
through holes were connected in the same manner. The first group of the "connected through holes" and the second 
group of the "connected through holes" were disposed in parallel so as to have a hole-hole distance of 150 ^m, and 
these were regarded as one set. 1 00 sets were prepared. These were treated at 130**C at 85 %RH under 1 .8 VDC for 
a predetennined time and then taken out, and an Insulation resistance between the through holes disposed in parallel 
was measured. 

E^mplo 3 

S5 

[0097] 900 Parts of 2,2-bls(4-cyanatophenyl)propane and 1 00 parts of b!S(4-ma!eimidcphcnyI)methane were melted 
at 150*0 and allowed to react for 4 hours with stirring, to prepare a prepolymer. The prepolymer was dissolved in mixed 
solvents of methyl ethyl ketone and dimethylformamide. To this solution were added 400 parts of a blspheno) A type 
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epoxy resin (trade name: Epikote 1 001 , supplied by Yuka-Shell Epoxy K.K.), 600 parts of a cresol novolak type epoxy 
resin (trade name: ESCN-220F, supplied by Sumitomo Chemical Co., Ltd.) and 500 parts of a phenol novolak type 
epoxy resin (trade name: DEN439, supplied by Dow Chemical), and these materials were homogeneously dissolved 
and mixed. Further, as a catalyst, 0.4 part of zinc octylate was added, and these materials were dissolved and mixed. 

5 To the resultant mixture were added 2,000 parts of an inorganic filler (trade name: Calcined Talc, supplied by Nippon 
Talc K.K.. average particle diameter 4 ^m) and 8 parts of a black pigment, and these materials were homogeneously 
stirred and mixed to prepare a varnish. The above vamish was used to impregnate a 1 00 p.m thick glass woven fabric, 
and the impregnated glass woven fabric was dried at ISO'^C to prepare prepregs E having a gelation time of 104 
seconds at 170^C and having a glass fabric content of 51 % by weight. 

10 [0098] Separately, a nickel alloy treatment (Y treatment, also called LD foil, supplied by Japan energy) having a 
thickness of 1 ^m was formed on a shiny surface of an electrolytic copper foil having a length of 1 ,000 m and a thickness 
of 1 1 ^m. The above varnish was continuously applied to a mat surface of the electrolytic copper foil which mat suriace 
was opposite to the surface having the nickel alloy treatment and was to be used for the bonding of a resin, and the 
applied vamish was dried to form a B-staged resin layer having a thickness of 60 ^im and a gelation time of 45 seconds, 

15 whereby a B-staged-resin -attached sheet was obtained. The B-staged-resin-attached sheet was cut to a size of 530 
X 530 mm. 

[C0S3] Two of the above prepregs E were stacked, general electrolytic copper foils having a thtekness of 1 2 ^m were 
placed on both the surfaces of the stacked prepregs E, one on one surface and one on the other surface, and the 
resultant set was laminate-formed at 200 **C at 20kgf/cm^ under a vacuum of 30 mmHg or less, to give a double-side 

20 copper-clad laminate. Circuits were formed on both the surfaces of the doubie-side copper-clad laminate, a treatment 
to form black copper oxide was carried out, the B-staged-res in -attached sheets having the double-side-treated copper 
foil attached were placed on both the surfaces of the resultant copper-clad laminate such that the resin layer of each 
B-staged-resin-attached sheet faced to an internal board side, and 1.5 mm thick stainless steel plates were placed 
thereon. These procedures were repeated. Fifteen sets of these were placed between platens, and these sets were 

25 laminate-formed at 200 "C at 20kgf/cm^ under a vacuum of 30 mmHg or less for 2 hours, to obtain multi-layered boards. 
[0100] The same backup sheet as that in Example 1 was placed on the lower surface of the multi-layered board, the 
upper copper foil surface was 3 shots irradiated directly by pulse ossification with a carbon dioxide gas laser at an 
output of 10 mJ and 3 shots irradiated at an output of 20 mJ, to make 900 penetration holes having a diameter of 100 
fim each in a 50 x 50 mm square size in each of 70 blocks, 6.3000 holes in total. Further, the resultant surface was 2 

30 shots irradiated at an output of 1 3 mJ to make blind via holes having a diameter of 1 00 ^m. 

[0101] The backup sheet on the lower surface was peeled off, the board was placed and treated in a plasma appa- 
ratus, and then a SUEP solution was insufflated at a high rate, to dissolve and remove copper foil burrs occurring on 
the hole portions on the front and reverse surfaces and at the same time to dissolve the surface copper foils until the 
surface copper foils had a remaining thickness of 4 |im each. After a desmearing treatment was carried out, copper 

35 plating was carried out to lorm a plating layer having a thickness of 15 ^m on each surface. Thereafter, circuits (line/ 
space = 50/50 fim), pads for solder bails, and the like were formed by a conventional method, portions other than at 
least a semiconductor chip portion, pad portions for bonding and solder ball pad portions were coated with a plating 
resist, and nickel plating and gold plating were carried out, to produce a printed wiring board. Table 2 shows the eval- 
uation results to the printed wiring board. 

40 

Example 4 

[0102] A nickel treatment was fomned on a shiny surface of a double-side-treated copper foil having a thickness of 
9 ^m and a width of 540 mm. The same vamish as that prepared in Example 2 was continuously applied to a mat 
45 surface of the double-side-treated copper foil opposite to the surface having the nickel treatment, and the applied 
vamish was dried to form a B-staged resin layer having a thtekness of 50 \vm and a gelation time of 55 seconds, 
whereby a B-staged resin-attached sheet was obtained. 

[0103] One sheet of the same prepreg A having a size of 530 x 530 mm as that used in Example 2 was provided, 
general electrolytic copper foils having a thickness of 12 p.m were placed on both the surfaces of the prepreg A and 

so the resultant set was laminate-formed at 190 ^C at 20kgf/cm^ under a vacuum of 30 mmlHg, to give a double-side 
copper-clad laminate. Circuits were formed on both the surfaces of the copper-clad laminate, a treatment to fomi black 
copper oxide was carried out, the double-slde-treated-copper-foll-attached B-steged-resin sheets which ivere cut to 
so as to have e sizo of 540 k 540 mm zzch rjcro placed on tho upper £nd Io^jct Gurfi^cCo of tho rcoUltant coppcr-clad 
leminat©, on© on one surface and one on tho other surfac©, and the resultant set was similarly laminate-formed under 

55 heat underpressure, to fonm afour-Iayered board. The same backup sheet as that prepared in Example 1 was disposed 
on the lower surface of the four-layered board, and the copper foil surface was 2 shots irradiated with a carbon dioxide 
gas laser at an output of 15 mJ and 2 shots irradiated at an output of 20 mJ, to make penetration holes. 
[0104] Further, the resultant surface was 2 shots irradiated with a cartson dioxide gas laser at an output of 1 2 mJ to 
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make via holes. The backup sheet was removed, SUEP treatment was entirely carried out to dissolve and remove the 
copper foils on the front and reverse surfaces until the copper foils had a remaining thickness of 3 nm each. Then, a 
desmearing treatment was carried out with a potassium pemianganate aqueous solution, copper plating was similarly 
carried out. and a printed wiring board was similarly obtained. Table 2 shows the evaluation results. 

5 

Comparative Example 5 

[0105] A four-layered board was prepared in the same manner as in Example 3 except that general electrolytic 
copper foils (JTC-LP foil, supplied by Japan energy) were used as surface copper foils. Nothing was attached to the 
10 surface of the four-layered board, and attempts were made to make holes in the four-layered board with a carbon 
dioxide gas laser under the same condition as that in Example 3. tHowever, the absorption of the energy of the carbon 
dioxide gas laser was poor, and the laser beam was reflected. No holes were made. 



15 



20 



25 



30 



35 



40 



45 



Comparative Example 6 

[0106] The surface of the same multi-layered board as that prepared in Comparative Example 3 was treated to form 
black copper oxide, then, the resultant surfciue was rubbed with a fabric ten times to grind the above treatment. The 
surface was irradiated with a carbon dioxide gas laser under the same condition as that In Comparative Example 3. 
Almost no holes were made. 

Table 2 





Examples 


Comparative Examples 


3 


4 


6 


Fomiation of penetration holes (%) 


100 


100 


9 


Spaces between land copper foils on the front and reverse surfaces 
and a hole {\vm) 


0 


0 




Positional deviation between the hole and the internal layer copper 

foil (^m) 




0 




Pattern breakage and short circuits (pieces) 


0/200 


0/200 




Glass transition temperature (<*C) 


235 


160 


235 


Through hole-heat cycle test (%) 


1 00 cycles 


1.4 


1.5 




300 cycles 


1.7 


1.9 




Processing time period for making holes (minute) 


19 


14 




Anti-migration properties (HAST) {CI) 


Ordinary state 


5x1011 






200 hours 


6x108 






500 hours 


5x108 






700 hours 


3x108 






1000 hours 


2X1 08 







50 



S5 



Example 5 

[0107] A varnish was prepared in the same manner as in Example 3 except that the amount of the phenol novolak 
type epoxy resin (trado namo: DEiS!439, supplied by Dow Chemical) ivas chengsd from 500 parts to 800 parts. 
[JStSBl' Scpsrctsly, e niclts! eiioy trsatrrsnt (Y trsatmsnt, also called LD foil, supplied by Japan energy) having a 
thickness of 3 jim v/as fomisd on a shiny surface of a doublo-side-treatcd electrolytic copper foil having a length of 
1 ,000 m and a thickness of 9 ^m. The above varnish was continuoiisly applied to e mat eurfacc of the eiectroiyHc 
copper foil which was opposite to the surface having the nickel alloy treatment, and dried to form a B-staged resin layer 
having a thickness of 60 ^m and a gelation time of 45 seconds, whereby a B-staged-resin-attached double-side-treated 
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copper foil sheet was obtained. The B-staged-resin-attached double-side-treated copper foil sheet was cut to a size 
of 530 X 530 mm, to prepare a B-staged-resln-attached double-side-treated copper foil sheet. 
[01 09] Two of the above B-staged-resin-attached doubie-side-treated copper foil sheets having the above size were 
provided, a glass woven fabric substrate having a thiclcness of 25 \im was placed between these double-side-treated 

5 copper foil sheets such that the resin layers of-these doubie-side-treated copper foil sheets faced to each other, 1 .5 
mm thick stainless steel plates were placed on outsides, and the resultant set was heated and cured at 200 ""C at 
30kgf/cm^ under a vacuum of 30 mmlHg or less for 2 hours, to give a double-side copper-clad board. 
[0110] The same backup sheet as that prepared in Example 1 was placed on the tower surface of the double-side 
copper-clad board, the upper surface was directly 3 shots irradiated at an output of 15 mJ by pulse ossification with a 

10 carbon dioxide gas laser, to make 900 penetration holes having a diameter of 100 jim In a 50 mm x 50 mm square 
area in each of 70 blocks, 63,000 holes in total. The backup sheet on the lower surface was separated, and a SUEP 
solution was insufflated at a high rate, to dissolve and remove copper foil burrs on the front and reverse surfaces and 
at the same time to dissolve the surface copper foils until the surface copper foils had a remaining thickness of 4 ^m 
each. After a desmearing treatment was canried out, copper plating was carried out to form a plating layer having a 

IS thickness of 15 }im on each surface. Thereafter, circuits (line/space = 50/50 ^m), pads for solder balls, and the like 
were fomned by a conventional method, portions other than at least a semiconductor chip portion, pad portions for 
bonding and solder ball pad portions were coated with a plating resist, and nickel plating and gold plating were carried 
out, to produce a printed wiring board. Table 3 shows the evaluation results to the printed wiring board. 

20 Example 6 

[0111] A 4 ^m thick nickel treatment to which an adhesive (trade name, Nikapiex F63V, supplied by-Nikkan Kogyo 
K.K.) was attached was fomned on an electrolytic copper foil such that the electrolytic copper foil had a total thickness 
of 1 2 ^m. Two sheets of such eiectrolytte copper foils were prepared. These electrolytic copper foils were disposed on 

2$ both the surfaces of a polyimide film having a thickness of 1 25 ^m, these electrolytic copper foils were laminated and 
bonded to the polyimide film at a temperature of 120 *C at a linear pressure of 5 kgf/cm, and the resultant set was 
heated and cured at eo^'C for 6 hours, at 80°C for 10 hours and at 120'*C for 8 hours, to prepare a copper-clad board 
continuously. The copper-clad board was floated in the air in a carbon dioxide gas laser machine, the copper foil surface 
was 3 shots irradiated with the carbon dioxide gas laser at an output of 20 mJ, to make penetration holes. SUEP 

30 treatment was entirely carried out to dissolve and remove the surfaces until the surfaces had a remaining thickness of 
3 p.m each. Then, copper plating was carried out in the same manner as In Example 5, and an printed wiring board 
was similarly obtained. Table 3 shows the evaluation results. 

Comparative Example 7 

35 

[0112] In Example 6, no nickel treatment was carried out, and holes having a diameter of 100 ^m were made by 
using a punching machine. When punching was repeated 951 times, its pin was broken. The copper-clad board became 
defective. 

40 Comparative Example 8 

[01 13] A printed wiring board was obtained in the same manner as in Example 6 except that holes having a diameter 
of 150 ^.m were made In copper-clad boards, one sheet by one sheet, with a mechanical drill, and that no SUEP- 
treatment was carried out. Table 3 shows the evaluation results. 

45 

Table 3 





Examples 


Comparative Examples 


5 


6 


8 


Pattern breakage and short circuits (pieces) 


0/200 


0/200 


24/200 


Glass transition temperature ("C) 


214 






Through holc-hcst cyc!o test {%) 


1 00 cycles 


1.5 


1.8 


2.9 


300 cycles 


2.5 


2.1 


5.0 


Processing time period for making holes (minute) 


10 


11 


630 
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Example 7 

[0114] The same vamish as that prepared in Example 3 was used to impregnate a glass woven fabric having a 
thickness of 1 00 ^.m and dried at 1 SO'^C to obtain prepreg having a gelation time of 1 02 seconds at 1 70°C and a glass 

5 fabric content of 50 % by weight. 

[01 15] A niclcel alloy treatment (c)(Y treatment, also called LD foil, supplied by Japan energy) having a thickness of 
3 ^m was fonned on a shiny surface of an double-side-treated electrolytic copper foil (b) having a length of 1 ,000 m, 
a width of 530 mm and a thickness of 9 ^m. The double-side-treated copper foil (b) was disposed on an aluminum foil 
(a) having a thickness of 300 p.m so as to allow the nickel alloy-treatment surface (c) to face the aluminum foil side, 

10 marginal portions having a size of 5 mm each at intervals of 60 mm in both end portions in the 530 mm-wide width of 
the double-side-treated copper foil were bonded to the aluminum foil with an adhesive, to prepare an aluminum foil- 
attached double-slde-treated copper foil in which the double-side-treated copper foil was bonded to one surface of the 
aluminum foil. 

[0116] The above varnish was continuously applied on the copper foil surface of the aluminum foil-attached double- 

15 side-treated copper foii opposite to the aluminum foil-attached surface and dried to form a B-staged resin layer having 
a thickness of 60 )xm and a gelation time of 45 seconds at 1 70 ^C, whereby an aluminum foil-attached and single-side 
copper-foil-attached resin sheet (A) in which the B-stagcd resin(i}-attached doubie-side-treated copper foil was bonded 
to one surface of the aluminum foil, was obtained (Flg.1 (1)). Further, the vamish was continuously applied to a mat 
surface of the double-side-treated copper foil (opposite to the surface having the nickel alloy treatment) and dried to 

20 form a B-staged resin layer (t) having a thickness of 60 pm and a gelation time of 45 seconds, whereby a B-staged 
resin(t)-attached copper foil sheet was obtained. The B-staged resin (t)-attached copper foil sheet was continuously 
bonded to the aluminum foil of the above aluminum foil-attached and single-side copper-foil-attached resin sheet (A) 
with an adhesive in marginal portions having a size of 5 mm each at intervals of 50 mm in each end portion, to prepare 
an aluminum-foil-containing double-side B-staged-resin-attached-copper-foil-attached sheet (B) in which theB-staged- 

25 resin-attached copper foils were bonded to both the surfaces of the aluminum foil (Fig. 1 (2)). 

[0117] Two sheets of the above prepregs were stacked and general electrolytic copper foils having a thickness of 
12 ^m each were placed on both the surfaces of the stacked prepregs and the resultant set was laminate-formed at 
200 °C at 20kgf/cm^ under a vacuum of 30 mmHg or less, to obtain a double-side copper-c!ad laminate. Circuits were 
fonmed on both the surfaces of the double-side copper-clad laminate, and a treatment to fomri black copper oxide was 

30 carried out, to prepare an internal board (e). One sheet of the aluminum foil-attached and single-side copper-foil- 
attached resin sheet (A) was placed on one surface of the internal board (e), one sheet of the aluminum-foil-containing 
double-side B-staged-resln-attached-copper-foil-attached sheet (B) was piaced on the other surface of the internal 
board (e), then, one sheet of the internal board (e) was disposed on the above sheet (B), then, one sheet of the 
aluminum-foil-containing double-side B-staged-resin-attached-copper-foil-attached sheet (B) was placed thereon, 

35 these procedures were repeated, 20 sets of these were placed between platens, at last one sheet of the aluminum 
foil-attached and single-side copper-foil-attached resin sheet (A) was placed (Fig.2), and these sets were laminate- 
formed at 200 *C at 20kgf/cm2 under a vacuum of 30 mmHg or less for 2 hours, to obtain 20 sheets of double-side 
copper-clad multi-layered (four-layered) boards. 

[01 18] The aluminum foil on the lower surface of the protective sheet-attached copper-clad board after the laminate- 
40 fonmation was peeled off, the same backup sheet as that prepared in Example 1 was placed on the lower surface, the 
aluminum on the upper surface was also peeled off, the resultant upper surface was 3 shots Irradiated by pulse oscil- 
lation with a carbon dioxide gas laser at an output of 15 mJ and 3 shots irradiated at an output of 20 mJ, to fonri 900 
penetration holes having a diameter of 1 00 p.m in a 50 mm x 50 mm square area In each of 70 blocks. The backup 
sheet on the lower surface was separated. The board was placed in a plasma apparatus and treated. Then, a SUEP 
45 solution was insufflated at a high rate, to dissolve and remove copper foil burrs on the front and reverse surfaces and 
at the same time to dissolve the surface copper foils until the surface copper foils had a remaining thickness of 4 ^m 
each. After a desmearing treatment was candied out, copper plating was carried out to form a plating layer having a 
thickness of 15 ^im on each surface. Thereafter, circuits (line/space = 50/50 ^im), pads for solder balls, and the like 
were formed by a conventional method, portions other than at least a semiconductor chip portion, pad portions for 
50 bonding and solder ball pad portions were coated with a plating resist, and nickel plating and gold plating were carried 
out, to produce a printed wiring board. Table 4 shows the evaluation results to the printed wiring board. 

Example 8 

33 [SttS] The same vemish as that prepared in Example 2 was used to impregnate a glass woven fabric having a 
thickness of 1 00 ^m and dried to obtain prepreg having a gelation time of 1 50 seconds and a glass fabric content of 
48 % by weight. 

[0120] Separately, a nickel treatment having a thickness of 3 ^m was fomned on a shiny surface of a double-side- 
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treated copper foil having a width of 600 mm and a thickness of 9 \in\. The above vamish was continuously appiied to 
a mat surface of the copper foil opposite to the surface having the nici^el treatment, and dried to fomn a B-staged resin 
layer having a thickness of 50 )xm and a gelation time of 90 seconds, whereby a B-staged-resin-attached sheet was 
obtained. A 50 jun thick 4-methylpentene-1 film was continuously bonded to the nickel-treatment surface of the B- 
5 staged-resin-attached sheet with an adhesive in marginal portions having a size of 5 mm each, to obtain a film-attached 
double-side-treated copper foil B-staged resin sheet (q). 

[0121] One sheet of the above prepreg having a size of 530 mm x 530 mm was provided and general electrolytic 
copperfoils having a thickness of 1 2 p.m each were placed on upper and lower surfaces of the prepreg, and the resultant 
set was laminate-fomried at 190 '^C at 20kgf/cm2 under 30 mmHg, to obtain a double-side copper-clad laminate (e). 

10 Circuits were fomned on both the surfaces of the double-side copper-clad laminate (e), and a treatment to fonn black 
copper oxide was carried out. Then, the above film-attached double-side-treated-electroiytic-copper-foil-attached B- 
staged resin sheets (q), which were cut so as to have a size of 540 x 540 mm each, were placed on the upper and 
lower surfaces, one sheet on one surface and one sheet on the other surface, while the films thereof were retained. 
Stainless steel plates having a thickness of 1 .5 ^m each were placed thereon, one plate on one surface and one plate 

15 on the other surface, 1 0 sets of these were placed between platens, and these sets were similarly laminate-fomied 
under heat and pressure to forni four-layered boards. Then, the protective film on the upper surface was retained as 
It was, and the protective film on the lower surface was peeled off. The same backup sheet as that prepared in Example 
1 was disposed on the lower surface (Fig.3 (1)), and the copper foil surface was 2 shots irradiated with a carbon dioxide 
gas laser at an output of 1 5 mJ and 2 shots irradiated at an output of 20 mJ to make penetration holes having a diameter 

20 of 120 M,m each. 

[0122] Further, the resultant surface was 3 shots irradiated with a carbon dioxide gas laser at an output of 15 mJ to 
make blind via holes having a diameter of 100 ^m(Fig.3 (2)). The protective film was removed, SUEP treatment was 
entirely carried out to dissolve and remove the copper foils on hole portions and at tiie same time to dissolve and 
remove the surface copper foils until the surface copper foils had a remaining thickness of 3 ^ (Fig.3 (3)). Then, a 
25 desmearing treatment was carried out with a potassium permanganate aqueous solution, copper plating was carried 
out in the same manner as in Example 7 (Fig.3 (4)), and a printed wiring board was similariy obtained. Table 4 shows 
the evaluation results. 



Table 4 





Examples 


7 


8 


Spaces between land copper foils on the front and reverse surfaces and a hole (^m) 


0 


0 


Positional deviation between the hole and the internal layer (^m) 




0 


Pattem breakage and short circuits (pieces) 


0/200 


0/200 


Glass transition temperature (®C) 


235 


160 


Through hole-heat cycle test (%) 


1 00 cycles 


1.2 


1.4 


300 cycles 


1.5 


1.6 


500 cycles 


1.7 


1.9 


Processing time period for making penetration holes (minute) 


19 


14 


Anti-migration properties (HAST) (Q) 


Ordinary state 


6x1 011 




200 hours 


8x1 OS 




500 hours 


7X108 




700 hours 


5x108 




1000 hours 


4x103 





Example 9 



[01 23] A varnish was prepared In the same manner as in Example 1 except that the amount of the aluminum hydroxide 
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was changed from 1 ,000 parts to 0 part. The varnish was used to impregnate a 1 00 ^m thicic giass woven fabric and 
dried at ISO^'C to prepare prepregs (c) having a geiation time of 102 seconds at 170"C and a giass fabric content of 

50 % by weight. 

[0124] A nickel alloy treatment (Y treatment, supplied by Japan energy) was fomried on a 1 2 jim thick double-side- 

5 treated electrolytic copper foil (b) having a 530 x 530 mm square size. The copper foil (b) in marginal portions having 
a size of 1 0 mm each In side end portions which were opposed to each other was bonded to one surface of a 300 p.m 
thick aluminum foil (a), to obtain a singie-side carrier-attached copper foil, and the same copper foils (b) were similarly 
bonded to both the surfaces of a 300 \m\ thick aluminum foil (a), to obtain a double-side carrier-attached copper foil. 
The single-side carrier-attached copper foils were disposed on upper and lower surfaces as outennost layers such 

10 that each copper foil surface faced to two prepregs (c) disposed inside, one sheet of the double-side carrier-attached 
copper foil and two sheets of the prepregs (c) were alternately disposed inside (Fig.4), 2 mm thick stainless steel plates 
were placed on the upper and lower surfaces of the above stacked materials, cushions were placed thereon, and these 
materials were placed between platens and laminate-formed at 200 **C at 20kgf/cm2 under a vacuum of 30 mmHg or 
[ess for 2 hours, to obtain double-side copper-clad laminates, in this case, there were placed materials sufficient for 

15 forming 20 sheets of the double-side copper-clad boards. 

[0125] The same backup sheet as that prepared in Example 1 was placed on the lower surface of the double-side- 
trcatcd-copper-fcii-attached copper-ciad laminate, the upper surface was directly 6 shots irradiated with a carbon di- 
oxide gas laser at an output of 15 mJ, to make 900 through holes having a diameter of 100 ^m in a 50 mm x 50 mm 
square area in each of 70 blocks (Fig.5(2)). The backup sheet on the lower surf ace was separated, and a SUEP solution 

20 was insufflated at a high rate, to dissolve and remove copper foil burrs on the front and reverse surfaces and at the 
same time to dissolve the front-surface and reverse-surface copper foils until the copper foils had a remaining thickness 
of 4 ^ each (Fig.5 (3)). After a desmearing treatment was carried out, copper plating was carried out to fonn a plating 
layer having a thickness of 15 ^m on each surface (Flg.5 (4)). Thereafter, circuits (line/space = 50/50 |im), pads for 
solder bails, and the like were formed by a conventional method, portions other than at least a semiconductor chip 

25 portion, pad portions for bonding and solder ball pad portions were coated with a plating resist, and nickel plating and 
gold plating were carried out, to produce a printed wiring board. Tables 5 and 6 show the evaluation results to the 
printed wiring board. 



Table 5 





Examples 
9 


Spaces between land copper foils on the front and reverse surfaces and a hole (pjn) 


0 


Positional deviation between the hole and the internal layer (^m) 




Pattem breakage and short circuits (pieces) 


0/200 


Glass transition temperature (^C) 


235 



Table 6 





Examples 
9 


Through hole-heat cycle test 


(%) 


1 00 cycles 


1.1 


300 cycles 


1.2 


500 cycles 


1.4 


Processing time period for making holes (minute) 


20 


Anti-migration properties (HAST) (Q) 




2X110''^^ 


200 hours 


8x1 0^ 


500 hours 


8x1 08 
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Table 6 (continued) 





Examples 


Anti-migration properties (l-IAST) (Q) 


700 hours 


7x108 


1000 hours 


7x108 



10 Claims 

1 . A copper-clad board suitable for making a hole with a carbon dioxide gas laser, which copper-clad board is obtained 
by disposing a double-side-treated copper foil provided with a metallic-treatment layer having a high absorption 
rate of a carbon dioxide gas laser energy on at least one surface, at least on an outer layer of a thennosetting 
15 resin composition layer such that the metallic-treatment layer is formed on a shiny surface of the copper foil which 

shiny surface Is to be a surface layer, and laminate-fomning the double-side-treated copper foil and the thermo- 
setting resin composition layer under heat and pressure, to make an alloy of the meta! lie-treatment layer and the 
copper by the above heating. 

20 2. A copper-clad board according to claim 1 , 

wherein the metallic-treatment layer is a layer which contains nickel or nickel and cobalt as essential com- 
ponents. 

3. A copper-clad board according claim 1 or 2, 

25 wherein the thermosetting resin composition is a resin composition containing a polyfunctionai cyanate ester 

monomer and/or a prepolymer of said cyanate ester as essential components. 

4. A copper-clad board according to claim 1 , 2 or 3, 

wherein the thermosetting resin composition contains 10 to 80 % by weight of an insulating Inorganic filler. 

30 

5. A copper-clad board according to any one of the preceding claims, 

wherein the double-side-treated copper foil Is a product formed by attaching a B-staged thennosetting resin 
composition layer to a surface opposite to the surface having the metallic-treatment layer and heating the resultant 
set under pressure to make an alloy of the metal of the metallic-treatment layer with the copper. 

35 

6. A copper-clad board according to any one of the preceding claims, 

wherein the double-side-treated copper foil is an electrolytic copper foil. 

7. A copper-clad board according to claim 1 , 

40 wherein the double-side-treated copper foil is a product fonried by attaching a thennosetting resin compo- 

sition sheet to a surface opposite to the surface having the metallic-treatment layer and heating the resultant set 
under pressure to make an alloy of the metal of the metallte-treatment layer with the copper. 

8. A copper-ctad board according to claim 7, 

45 wherein the thennosetting resin composition sheet is a polyimide film. 

9. A copper-clad board according to claim 7, 

wherein the thermosetting resin composition sheet is a thermosetting resin composition containing a poly- 
functional cyanate ester monomer and/or a prepolymer of said cyanate ester as essential components. 

50 

10. A copper-clad board according to claim 5, 

wherein the doubte-side-treated copper foil Is a product fonned by disposing a protective sheet on the me- 
tallic-treatment surface of the doubls-stds-treated copper foil and partieily bonding the protcclivs shsst to the 
a*oub:c-G!cLS-trc£tcc! ccppsr-foil, 

S5 

UD. A copper-dad board according to claim 10, 

wherein the protective sheet is a metal foil or a resin film. 



20 

05/22/2003, EAST Version: 1.03.0002 



EP 1 097 806 A2 



12. A copper-clad board according to claim 1 , 

which is a copper-ciad board obtained by the use of a metal-foii-carrler-attached copper foii in which metal 
foil(s) is/are disposed on one surface or both the surfaces of the doubie-side-treated copper foli and the metai foil 
(s) Is/are partially bonded to the double-side-treated copper foil. 

13. A copper-clad board according to claim 12, 

wherein the metal-foll-camer-attached copper foil and thethemfiosetting resin composition layer are laminate- 
formed to obtain a copper-clad board and then the metal foil of the carrier Is peeled off. 

14. A copper-clad board according to claim 12 or 13, 

wherein the metal foil carrier is an aluminum foil having a thiclcness 200 to 500 [im. 

15. A method of mai<ing a hole in a copper-clad board, in which the metallic-treatment layer surface of the copper- 
clad board recited in claim 1 is directly irradiated with a carbon dioxide gas laser having an energy sufficient for 
processing a copper foil by means of the pulse oscillation of the carbon dioxide gas laser, to mal<e a penetration 
hole and/or a blind via hole. 

16. A method according to claim 1 5, 

wherein the energy of the carbon dioxide gas laser is 5 to 60 mJ. 

17. A method according to claim 15 or 16, 

wherein, after the hole is made with a carbon dioxide gas laser, copper foil burrs occurring around the hole 
are removed and at the same time parts of surface copper foils are two-dimensionally etched in the thickness 
direction. 

18. A method according to any one of claims 15 to 17, 

wherein the penetration hole and/or the blind via hole has a diameter of 80 to 1 80 nm. 

1 9. A printed wiring board which is prepared by directly irradiating a copper foil surface of the copper-clad board recited 
in claim 1 with a carbon dioxide gas laser having an energy of 10 to 60 mJ, to make a penetration hole and/or a 
blind via hole. 

20. A printed wiring board according to claim 19, 

wherein the penetration hole and/or the blind via hole has a diameter of 80 to ISOpjn. 

21. A printed wiring board according to claim 19 or 20, 

wherein, after the hole is made with a carbon dioxide gas laser, copper foil burrs occurring in a hole portion 
are dissolved and removed with a chemical and at the same time parts of surface copper foils are two-dimensionally 
dissolved and removed in the thickness direction. 

22. A printed wiring board according to any one of claims 19 to 21 , 

wherein the double-side-treated copperfoil recited In claim 5 Is disposed on at least one surface of an internal 
board such that the copper foil side faces outside, the resultant set is laminate-fonned under heat and pressure 
to obtain a copper-clad board, and the upper surface of the copper-clad board is directly in^adiated with a carbon 
dioxide gas laser having an energy sufficient for making a hole in a copper foil» to make the penetration hole and 
or the blind via hole. 

23. A printed wiring board according to claim 22, 

wherein, after the formation of the hole with the carton dioxide gas laser, copperfoil burrs fluffing on a hole 
portion of the copper-clad board are dissolved and removed with a chemical and at the same time surface copper 
foils of the copper-clad board are two-dimensionally dissolved and removed in the thickness direction to some 
extent. 
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Fig. 1 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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